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,QWURGXFWLRQ
$UHFHQW WUHQGIRU WKHIDEULFDWLRQRIPRUHUHVLVWDQWDQG OLJKWZHLJKWFDUERG\FRPSRQHQWV LV WKHXVDJHRI WDLORU
ZHOGHGEODQNV7:%VPDGHRIDGYDQFHGKLJKVWUHQJWKVWHHOV$+66VVXFKDVGXDOSKDVHWUDQVIRUPDWLRQLQGXFHG
SODVWLFLW\ VWHHOV KRW VWDPSLQJERURQ VWHHOV DQGKLJK VWUHQJWK ORZDOOR\ VWHHOV$ WDLORUZHOGHGEODQN 7:% LV D
VLQJOH SODQH VKHHW WKDW FRQVLVWV RI WZR RUPRUH VKHHWV WKDW DUHZHOGHG WRJHWKHU SULRU WR WKH IRUPLQJ RI WKH ILQDO
FRPSRQHQW 6KHHWV DUH MRLQHG E\ ODVHU ZHOGLQJ DQG PD\ KDYH WKH VDPH RU GLIIHUHQW WKLFNQHVVHV PHFKDQLFDO
SURSHUWLHVRUVXUIDFHFRDWLQJV>@$VDUHVXOWWKHIRUPDELOLW\RID7:%ZHOGVHDPLVQRWDEO\LQÀXHQFHGE\PDQ\
IDFWRUV VXFKDV WKHPDWHULDOSURSHUW\YDULDELOLW\ LQ WKHKHDWDơHFWHG]RQHDQG IXVLRQ]RQH >@ WKHHơHFWVRI WKH
ZHOGPHQWRQWKHVWUDLQGLVWULEXWLRQIDLOXUHVLWHFUDFNSURSDJDWLRQDQGWKHQRQXQLIRUPGHIRUPDWLRQDOVRGXHWRWKH
GLơHUHQFHV LQ WKLFNQHVVSURSHUWLHVRUVXUIDFH>@2YHUDOOPHFKDQLFDOSURSHUWLHVRIZHOGHG MRLQWVDUHFRPPRQO\
HYDOXDWHGE\VWDQGDUGWHQVLOHWHVWVZKLOHORFDOSURSHUWLHVDUHEDVHGRQPLFURKDUGQHVVWHVWV+RZHYHUWKHRFFXUUHQFH
RIDZHOGVHDPLQD7:%LQIOXHQFHVWKHGLVWULEXWLRQRIVWUDLQILHOGDQGKHQFHWKHVWDWHRIVWUHVVDWORFDOOHYHOGXULQJ





IURP WKH KHDW LQSXW+RXUJODVV VKDSHG VSHFLPHQVKDYHEHHQPDFKLQHG IURP WKHZHOGHG VKHHW WR LQGXFH D KLJKHU




PHWDO VXUIDFH SURYLGLQJ DOO WKH SODQDU FRPSRQHQWV RI VWUDLQ 7KURXJK WKLFNQHVV VWUDLQ FDQ EH DOVR HYDOXDWHG
LQGLUHFWO\ DVVXPLQJ FRQVWDQW YROXPH GHIRUPDWLRQ $ SRVWSURFHVVLQJ VWUDWHJ\ WR WXQH WKH SDUDPHWHUV RI WKH

























(DFK VSHFLPHQ VLGH LV SDLQWHGZLWK D VSHFNOH SDWWHUQ4XDVLVWDWLF WHQVLOH WHVWV KDYHEHHQ FRQGXFWHGXVLQJ DQ
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076 K\GUDXOLF D[LDO PDFKLQH ORDG DQG GLVSODFHPHQW KDYH EHHQ DFTXLUHG GXULQJ UXQV ,PDJHV DFTXLVLWLRQ LV
SHUIRUPHG XVLQJ WZR GLJLWDO FDPHUDV D 3L[HOLQN $ DQG D 1LNRQ' HDFK RQ RQH VLGH RI WKH VSHFLPHQ
PRXQWHGRQULJLGVXSSRUWV7KH3L[HOLQNVSRUWVD&026VHQVRUZLWKDUHVROXWLRQRIuSL[HOVZKHUHDVWKH
1LNRQ LV HTXLSSHG ZLWK D u &026 VHQVRU 7KH ILUVW RQH KDV EHHQ XVHG LQ FRQMXQFWLRQ ZLWK D 
WHOHFHQWULFOHQVWKHODWWHUZLWKD1LNNRUPPPDFUROHQV
7LPHV\QFKURQL]DWLRQLVSURYLGHGDPRQJWKHWZRFDPHUDVDQGWKHGDWDDFTXLVLWLRQV\VWHPRIWKHD[LDOPDFKLQH
7KH'KDVEHHQ VHW WR IUDPH WKHZKROH VSHFLPHQJUDEELQJ DSLFWXUH HYHU\ WZR VHFRQGVZKLOH WKH3L[HOLQN
$IUDPHGDSRUWLRQRIWKHZHOGHG]RQHRQO\DFTXLULQJRQHSLFWXUHSHUVHFRQG$OOLPDJHVKDYHEHHQVWRUHGIRU







7KH VWUDLQ PHDVXUHPHQW WHFKQLTXH EDVHG RQ QXPHULFDO FRUUHODWLRQ RI ZKLWHOLJKW VSHFNOH LPDJHV >@ PD\
SURILWDEO\EHXVHG WRHQTXLUH WKHPHFKDQLFDOEHKDYLRURIPDWHULDOVZKHUH WKHDVVHVVPHQWRIDOOVWUDLQFRPSRQHQWV
DQGWKHLUILHOGGLVWULEXWLRQLVSDUWLFXODUO\PHDQLQJIXO>@
7KHHQWLUHSURFHGXUHVWDUWVIURPWKHPDUNLQJRIVSHFLPHQVXUIDFHRQERWKIDFHVZLWKDVSHFNOHSDWWHUQWKDWFDQ
EHHDV\DWWDLQHGE\ VSUD\SDLQWLQJ7\SLFDOO\ WKH VSHFLPHQVDUH ILUVWO\ FRYHUHGE\D IDLU OD\HURIZKLWHSDLQW IRU
PDWWLQJWKHVSHFLPHQPHWDOOLFVXUIDFHWKHQDTXLFNZLSHRIEODFNJHQHUDWHVWKHZDQWHGUDQGRPO\VSRWWHGSDWWHUQ












ZKLFKFRPHVIURPWKHUHVDPSOLQJRI WKHGHIRUPHGLPDJHORRNOLNHDVFORVHDVSRVVLEOH WR WKHFRUUHVSRQGLQJVXE
LPDJHVRIWKHUHIHUHQFHLPDJH8VLQJDQRQOLQHDUOHDVWVTXDUHVDSSURDFKWKLVSUREOHPLVVROYHGE\PLQLPL]LQJWKH
GLIIHUHQFH EHWZHHQ WKH HOHPHQW VXELPDJHV LQ WKH WZR FRQILJXUDWLRQV PRYLQJ WKH GHIRUPHG JULG QRGHV $W
FRQYHUJHQFHWKHGLVSODFHPHQWILHOGLVFRPSOHWHO\GHWHUPLQHGDQGDORQJWKHHQWLUHILHOGWKHVWUDLQFRPSRQHQWVZLOO










1RWLFH DOVR WKDW WR IROORZ WKH FXUYHGERUGHUV RI KRXUJODVV VKDSHG VSHFLPHQV WKH LPDJHSURFHVVLQJ DOJRULWKP
DXWRPDWLFDOO\GLVFDUGVDOO WKHJULG HOHPHQWV WKDW IDOORXWVLGH WKH VSHFNOHSDWWHUQ DQGHOHPHQWV WKDW IDOO DFURVV WKH




,Q IDFWZLWKLQHDFKHOHPHQW WKHGLVSODFHPHQW ILHOG LVPRGHOOHGZLWKDELOLQHDU VKDSH IXQFWLRQZKLFKPD\FDQFHO
VWUDLQSHDNV
7KH SLFWXUHV FRPLQJ IURP WKH ' KDYH DOORZHG WR EH SURFHVVHG XVLQJ VXEVHWV DV VPDOO DV u SL[HO
HTXLYDOHQWWRuPPRQVSHFLPHQVXUIDFHLQVWHDGWKH3L[HOLQNVHTXHQFHKDVEHHQSURFHVVHGUHGXFLQJHOHPHQW
VL]HIURPuPPGRZQWRuPPWKDWPHDQVIURPuWRuSL[HO7KHFRPSDULVRQDPRQJWKH




)RU ERWK RSWLFDO DFTXLVLWLRQ V\VWHPV WKH FDSWXUHG LPDJHV KDYH EHHQ SURFHVVHG WR REWDLQ WKH IXOOILHOG VWUDLQ
GLVWULEXWLRQRYHUWKHVSHFLPHQVXUIDFH
7KHUHVXOWVREWDLQHGIURPWKHHODERUDWLRQRILPDJHVIURP1LNRQFDPHUDDUHILUVWSUHVHQWHGDVFRQWRXUPDSVDQG
DOVR JUDSKV DORQJ WKH KRUL]RQWDO DQG YHUWLFDO SDWKV RQ WKH VSHFLPHQ DV GHSLFWHG LQ )LJ  ,Q WKLV ILJXUH WKH UHG
YHUWLFDO OLQH LQGLFDWHV WKH V\PPHWU\D[LV YHUWLFDO D[LVRI WKH VSHFLPHQ7KH WUDQVYHUVH UHG OLQH KRUL]RQWDO D[LV
ODEHOHG0 mm LVSODFHGRQ WKHZHOGVHDPRWKHUKRUL]RQWDOSDWKVDUHQRWHTXLVSDFHGGXH WR WKH MRLQWDV\PPHWULF
EHKDYLRU$OO WKH UHVXOWV DUH UHODWLYH WR WKLV UHIHUHQFH V\VWHP0RUH LQGHWDLOV WKH IXOOILHOG HTXLYDOHQW VWUDLQ DQG
WKURXJK WKLFNQHVVVWUDLQ IRU WKHIRXU ORDG OHYHOVRI)LJDUHVKRZQ LQ)LJ)URPWKHVHGDWD WKHRYHUDOO VWUDLQ
GLVWULEXWLRQRYHUWKHVXUIDFHRIWKHJDXJHDUHDRIWKHVSHFLPHQFDQEHHYDOXDWHG7KHXSSHUSDUWPDGHRI'3VWHHO
XQGHUJRHV WKH PRVW VHYHUH SODVWLF GHIRUPDWLRQ UHDFKLQJ D PD[LPXP YDOXH DURXQG  WKDQ QHFNLQJ DQG
VXEVHTXHQW IUDFWXUH RFFXU 7KH RWKHU EDVHPDWHULDO WKH 0Q% VWHHO H[KLELWV D YHU\ ORZ GHIRUPDWLRQ GXH WR
KLJKHUPHFKDQLFDOSURSHUWLHVZLWKUHVSHFWWRWKH'3VWHHO7DE7KHZHOGHGSDUWVKRZVDOLPLWHGGHIRUPDWLRQ




VHDP ,W LVZRUWK QRWLQJ WKDW WKH SHDN YDOXHV DUH DOZD\V ORFDOL]HG DERXW PP DERYH WKHZHOGLQJZLWKRXW DQ\
VLJQLILFDQWFKDQJHLQSRVLWLRQRYHUWLPH
5HVXOWV IURP WKH DFTXLVLWLRQ V\VWHP ZLWK WKH KLJKHVW PDJQLILFDWLRQ DUH XVHG WR EHWWHU LQYHVWLJDWH WKH VWUDLQ
JUDGLHQWVLQWKHIXVLRQDQGKHDWDIIHFWHG]RQHV7RUHODWHWKHSRVWHODERUDWLRQRXWFRPHVIURPWKHWZRFDPHUDVHDFK
IUDPHRIRQHVLGHRIWKHVDPSOHKDVWREHPDWFKHGZLWKWKHFRUUHVSRQGLQJRQHFRPLQJIURPWKHRWKHUVLGH7RWKLV
SXUSRVH ILYH VWHSV DUH QHFHVVDU\ WLPH V\QFKURQL]DWLRQ PDJQLILFDWLRQ PDWFK DQJXODU YHUWLFDO DQG KRUL]RQWDO
DOLJQPHQW7LPHV\QFKURZDVHQVXUHGGXULQJWHVWUXQ$QJXODUDOLJQPHQWZDVFKHFNHGGXULQJVHWXS0DJQLILFDWLRQ
PDWFKLQJZDVREWDLQHGGXULQJSRVWSURFHVVLQJ WKH WHOHFHQWULF OHQV HQVXUHG DPDJQLILFDWLRQ UDWLR IRU3L[HOLQN
FDPHUDZKLOHIRUWKH'LPDJHVWKHSURSHUVFDOLQJIDFWRUZDVGHGXFHGIURPWKHGLPHQVLRQVRIWKHXQGHIRUPHG
FODPSLQJHQGVRI WKHVSHFLPHQ9HUWLFDODQGKRUL]RQWDODOLJQPHQWVZHUHIRXQGE\PDWFKLQJ WKHD[HVRI WKHVKHDU



































































>@*%%URJJLDWR/&DVDURWWR ='HO 3UHWH'0DFFDUURQH )XOOILHOG VWUDLQ UDWHPHDVXUHPHQW E\ZKLWHOLJKW VSHFNOH LPDJH FRUUHODWLRQ
6WUDLQ
>@*%%URJJLDWR)&DPSDQD/&RUWHVH(0DQFLQL&RPSDULVRQEHWZHHQWZRH[SHULPHQWDOSURFHGXUHVIRUF\FOLFSODVWLFFKDUDFWHUL]DWLRQRI
KLJKVWUHQJWKVWHHOVKHHWV-(QJ0DW7HFK7UDQV$60(
